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Abstract
Objectives—We estimated the informal caregiving hours and costs associated with stroke.
Methods—We selected persons aged 65 and older in 2006 and who were also included in the 
2008 follow-up survey from the Health and Retirement Study. We adapted the case-control study 
design by using self-reported occurrence of an initial stroke event during 2006 and 2008 to 
classify persons into the stroke (case) and the non-stroke (control) groups. We compared informal 
caregiving hours between case and control groups in 2006 (pre-stroke period for case group) and 
in 2008 (post-stroke period for case group) and estimated incremental informal caregiving hours 
attributable to stroke by applying a difference-in-differences technique to propensity-score 
matched populations. We used a replacement approach to estimate the economic value of informal 
caregiving.
Results—The weekly incremental informal caregiving hours attributable to stroke were 8.5 
hours per patient. The economic value of informal caregiving per stroke survivor was $8,211 per 
year, of which $4,356 (53%) was attributable to stroke. At the national level, the annual economic 
burden of informal caregiving associated with stroke among elderly was estimated at $14.2 billion 
in 2008.
Conclusions—Recent changes in public health and social support policies recognize the 
economic burden of informal caregiving. Our estimates reinforce the high economic burden of 
stroke in the US and provide up-to-date information for policy development and decision-making.
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Post-stroke morbidity often requires a substantial amount of informal caregiving1. Informal 
caregiving for stroke survivors is one of the largest cost components for stroke2, 3. However, 
only one study investigated the cost of informal caregiving related to stroke in the U.S. using 
1990’s data4 and only one cost-of-illness study of stroke in the U.S. has included informal 
caregiving cost2.
An issue in estimating the cost of stroke-related informal caregiving is determining informal 
caregiving needs which are the direct and exclusive result of stroke and not due to age-
related disability or other chronic health conditions. Two approaches were used to resolve 
this issue. In the first approach, the informal caregiving cost was estimated by comparing 
“pre-stroke” and “post-stroke” periods5–7 for those who developed stroke, and attributing to 
stroke all of the difference in informal caregiving costs. A second approach compared 
“stroke” and “non-stroke” groups4 and assumed that if stroke had not occurred, informal 
caregiving time for those in the stroke group would have been identical to those in the non-
stroke group. However, both approaches may result in overestimates because informal 
caregiving needs may increase over time due to aging and other illnesses, and those in a 
stroke group may have used more informal caregiving before stroke.
We examined the stroke-related informal caregiving time and cost for the elderly in the U.S. 
We used a difference-in-differences (DID) method to combine the “pre-” and “post-” 
approach and the “stroke” vs. “non-stroke” comparisons, thus eliminating the overestimation 
issue from both approaches.
2. Materials and Methods
Data
We used the 2006 and 2008 Health and Retirement Study (HRS) data8, including informal 
caregiving surveys, along with the RAND HRS version L9. The HRS is a biennial, 
nationally representative, longitudinal household survey initiated in 1992 for those who 
were near or past retirement age in the U.S. Many studies about informal caregiving burden 
have used these data.4, 10–17. The RAND Corporation produces RAND HRS data, a cleaned 
version of selected information from all available waves of the HRS data since 1992. We 
limited our study sample to those who were 65 and older in 2006 and who participated in 
both 2006 and 2008 interviews (Figure 1).
Informal Caregivers
For this study, informal caregiving is defined as caregiving activities by relatives or unpaid 
non-relatives not in an organization18 to help a recipient complete their activities of daily 
living (ADLs) or instrumental activities of daily living (IADLs). We used a sequence of 
questions from the HRS to verify whether a respondent receives any informal caregiving. 
The first-level questions determined whether a respondent has difficulties with ADLs or 
IADLs due to a health or memory problem19. If so, respondents were asked whether a 
caregiver ever helped them to do these activities. Those who reported caregivers were asked 
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additional questions about their relationship with each caregiver. In addition, HRS queries 
the respondent about the payment status of each caregiver except spouse/partner of a patient 
and an employee of an “institution”. We assumed that spouse/partner is an informal 
caregiver and an employee of an “institution” is a formal caregiver.
Weekly Informal Caregiving Hours
Our main outcome measures are weekly informal caregiving hours and cost associated with 
these hours. Hours are defined as caregiving hours provided by informal caregivers, reported 
by respondents as the number of hours per day and days during the preceding month that 
informal caregiving was received. For respondents with multiple informal caregivers, we 
calculated a weekly sum but limited to 16 hours the daily maximum number of hours of 
informal caregiving per informal caregiver4. We divided days per month by 4.3 to obtain a 
weekly average; and for respondents who needed help every day, we assumed 7 days per 
week.
Defining Stroke and Non-Stroke Groups
The longitudinal structure of the data set allowed us to identify stroke survivors with a first-
ever-lifetime stroke between 2006 and 2008 by comparing self-reported stroke status in 
2006 and 2008. The stroke status question in the HRS interview is: “Has a doctor ever told 
you that you had a stroke?” Respondents who completed a prior HRS interview were shown 
the answer they gave in that interview and then asked to update their stroke status in the 
current HRS interview. Stroke cases were defined as those who reported stroke in the 2008 
survey and no stroke in the 2006. Participants who reported stroke in 2006 were excluded 
from the study (Figure 1). Further match was conducted between stroke and no-stroke 
groups.
Difference-in-Differences (DID) Approach
We applied a DID approach20, 21 to estimate the incremental informal caregiving hours due 
to stroke. The DID approach estimates the difference in informal caregiving hours between 
the stroke group and the non-stroke group in 2008, while adjusting for differences in 
informal caregiving hours between the 2 groups in 2006 (Figure 2). We assumed that if the 
stroke group had not had a stroke, the difference of informal caregiving hours between the 
stroke group and the non-stroke group in 2008 would be the same difference as it was in 
200621.
The difference in socio-demographic characteristics and health conditions between two 
groups may lead to bias in estimating differences in usage of informal caregiving due to 
stroke. For instance, suppose that informal caregiving needs increase with faster pace over 
time among those who have large numbers of chronic diseases compared with those who 
have small numbers of chronic diseases. Those who are in non-stroke group were less likely 
to have chronic diseases and less likely to use informal caregiving in 2006 than those who 
are in stroke group. Then, in addition to stroke onset between 2006 and 2008, initial chronic 
conditions among stroke group cause the additional increase of informal caregiving hours 
compared with non-stroke group. To minimize potential biases, we derived matching 
samples by using the Mahalanobis propensity-score matching method22, 23.
Joo et al. Page 3













We chose socio-demographic and economic characteristics, which has been commonly used 
as matching variables23, 24, and chronic diseases, number of ADLs and IADLs impaired, 
which has been known as having high impact on informal caregiving burden10, 12, 14, 15, 18 
as matching variables. The matching variables we used were race; gender; education; marital 
status; age dummies; total non-housing household wealth; dummy variables for the 
following chronic conditions: diabetes, cancer, lung disease, heart problems (including heart 
attack, coronary heart disease, angina, congestive heart failure, or other heart problems), 
hypertension, psychiatric problem, and arthritis; a dummy variable to indicate whether a 
respondent reported any helpers for ADLs or IADLs due to health or memory problems or 
not; dummy variables of number of ADLs impaired; and dummy variables of number of 
IADLs impaired in 2006—a time when neither group reported stroke (Table 1). Since both 
groups with matched samples had similar characteristics in 2006, we assumed that any 
differences between the two groups in 2008 were caused by stroke. We used commands of –
psmatch2– and –diff– from STATA 12.0 (StataCorp, College Station, TX) for the propensity 
score matching and the DID estimation, respectively25, 26.
Cost Estimation
We estimated the economic value associated with informal caregiving using a replacement 
approach which assumes that informal caregiving activities substitute activities of (formal) 
paid workers4, 5. We used the median wage of home health aide workers ($9.84/hour) from 
the 2008 U.S. Bureau of Labor Statistics as the cost of an hour for informal caregiving4 and 
conducted sensitivity analyses using the 10th percentile ($7.65/hour) and the 90th percentile 
($13.93/hour). We used our DID estimator to calculate incremental informal caregiving cost 
due to stroke as we did for incremental informal caregiving hours. The U.S. Census 
estimates that the U.S. population aged 65 years and older was 38,869,716 in July 1, 2008; 
and the prevalence of stroke in this age group in the US was 8.4 percent in 200827. Based on 
this, we estimated the number of stroke survivors in 2008 was 3,265,056 people. Annual 
national costs for informal caregiving were calculated by multiplying the weekly per patient 
informal caregiving cost, the number of stroke survivors, and 52 weeks.
3. Results
Among 8,525 study subjects, 230 had a new onset of stroke between 2006 and 2008. Before 
propensity-score matching, the stroke group (n = 230) and the non-stroke group (n = 8,295) 
differed significantly in all the socio-demographic characteristics such as race, age, marital 
status, education, self-reported chronic conditions, and ADL or IADL difficulties (Table 
e-1). Compared with people who never had stroke, those who had stroke between 2006 and 
2008 were older, less likely to have additional education beyond high school, more likely to 
report chronic disease, less likely to report ADL or IADL difficulties, less likely to be 
currently married, and less likely to be Latino than the non-stroke group. After propensity 
score matching, we did not observe any significant differences in these characteristics 
between the stroke group (n = 230) and the non-stroke group (n = 219) (Table 1).
Table 2 shows the proportion of persons who reported having difficulties in each ADL and 
IADL from the matched stroke and non-stroke groups in 2006 and 2008. In 2006, the two 
groups were not significantly different in ADLs and IADLs. The 2008 data show that a 
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stroke survivor was more likely to report problems in every ADL and IADL than a person in 
the non-stroke group.
Table 3 shows the DID estimators from informal caregiving hours and costs. In 2006, the 
stroke group used an average of 6.8 hours of informal caregiving per week while the non-
stroke group used an average of weekly 3.6 hours per person. The stroke group used 3.2 
hours more informal caregiving per week than the non-stroke group in 2006, but the 
difference was not statistically significant. We assumed that if the stroke group had not had 
a stroke, they still used 3.2 hours more informal caregiving per week than the non-stroke 
group in 2008. In 2008, a stroke survivor used 16.1 hours of informal caregiving per week 
when a non-stroke counterpart used 4.4 hours, a difference of 11.7 hours. After subtracting 
baseline difference in 2006 (3.2 hours) from the difference of informal caregiving hours in 
2008 (11.7 hours) for adjustment, the DID estimator shows that the need for an additional 
8.5 hours informal caregiving per week (p < 0.01) could be attributable to stroke.
Using the median wage of home health aid workers in 2008 ($9.84/hour), we estimated that 
a person who never experienced stroke spent $2,233 for informal caregiving in 2008 while a 
stroke patient spent on average $8,211, a difference of $5,978 (Table 3). Using the DID 
estimator we then adjusted the costs to reflect baseline differences in informal caregiving 
use between the stroke and non-stroke group in 2006 ($1,622), and estimated that stroke-
related informal caregiving costs in 2008 were $4,356 per patient (Table 3). Applying our 
results to the U.S. population of stroke patients 65 years and over in 2008 using the number 
of stroke patient derived from the methods section (n = 3,265,056), we estimated that 
informal caregiving costs for stroke patients were $26.8 billion per year ($8,211 per year per 
patient×3,265,056 stroke patients), and the portion attributable to stroke was 53 percentage 
of the cost or $14.2 billion ($4,356 per year per patient). The estimated range of additional 
cost attributable to stroke by using the 10th and the 90th percentiles of home health aide 
wages are from $11.1 billion to $20.1 billion per year.
4. Discussion
We used the DID method and a nationally representative sample to estimate the informal 
caregiving cost of stroke survivors in the U.S. Our estimates reinforced the high economic 
burden of stroke in the U.S. and are consistent with the results from previous studies. A 
previous study of U.S. adults over 70 years old reported that those with stroke-related health 
problems used an additional 12.5 hours of weekly informal caregiving compared with those 
who never had a stroke; and those who had stroke without stroke-related health problems 
needed less—an additional 2.5 hours per week4. Using those findings, Brown and colleagues 
estimated the average annual informal caregiving cost as $4,038 per ischemic stroke patient 
in 2005 dollars2. Several technological and pharmacological advances have been made in 
the treatment of stroke during the last 15 years which we suspected might reduce the 
informal caregiving burden, but our estimation with 2008 data ($4,356) is surprisingly 
similar to the estimation based on 1993 data ($4,038).
Compared with non-U.S. studies about stroke, we found that stroke survivors in other 
countries used more informal caregiving hours than stroke survivors in the U.S. A study in 
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Thailand showed an average 94.6 hours per month informal caregiving hours among stroke 
survivors in 20067; and a study in the Netherlands showed an average of 20.2 hours per 
week in 20016.
Studies with recent data such as ours provide policy makers with up-to-date information that 
can inform policy development and decision-making. For instance, a change in Medicare 
policy to reduce costs by restricting reimbursements to paid home health care resulted in a 
shift of part of the caregiving burden from formal to informal caregiving as well as the 
expected decreases in Medicare payments28. Then, the high burden of informal caregiving is 
recognized by the National Family Caregiver Support Program (NFCSP) that provides 
informal caregivers with training, counseling, and respite services; by employment policies, 
such as the Family and Medical Leave Act; and by state-level polices that provide tax credits 
to informal caregivers17, 29. Recent new technologies (e.g., telemedicine, and tissue 
plasminogen activator (t-PA)) and changes in policies to improve stroke outcomes (e.g., 
cross-jurisdiction policies for telemedicine, and medical licensure policies for administration 
of t-PA) which have the potential to affect informal caregiving burden also underscore the 
need for studies such as ours that use the most recent national data.
Another notable strength of our study is the DID estimate, which provides more accurate 
estimates, compared with other methods, because of its uniqueness of considering both pre- 
and post- stroke period differences, as well as the stroke group and the non-stroke group 
differences. We could use this method because of the longitudinal structure of the HRS. We 
minimized the sample selection bias between stroke and non-stroke group using extensive 
socioeconomic and demographic variables available in the HRS.
There are some limitations, which may make our estimates conservative. First, our samples 
were limited to those who participated in both the 2006 and 2008 interviews. This may 
underestimate the burden of informal caregiving if 2006 participants’ lack of participation in 
the 2008 survey was due to more severe health conditions that precluded their participation. 
Next, we used people aged 65 or older because of data limitation, and thus we provide only 
a partial picture of the costs of informal caregiving associated with stroke. The informal 
caregiving burden of stroke survivors under 65 years old is an important future research 
area. Population trends show an increased incidence of stroke in younger populations30; 
these patients may require informal caregiving for longer periods than the elderly population 
does. Also, our cost estimates are limited to the economic value of caregiving hours and do 
not value intangible costs such as informal caregivers’ emotional stress or deterioration of 
physical health. Because of the survey structure, the informal caregivers were limited to 
those who provided help for ADL or IADL. The informal caregiving burden to those who 
provided help for other activities, such as household chores, social visits, psychological 
support, and exercise could not be included in this study4, 13.
Next, we were focused on the effect of the new onset of stroke; the effect of recurrent stroke 
on informal caregiving cost has not yet been investigated. Because the numbers of new onset 
are small, the representativeness of sample with respect to severity of stroke is unclear. 
Because sample size is too small for racial/ethnic minorities, we could not further 
investigate racial/ethnic issues. However, it will be an important topic for investigation since 
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African-American and Hispanics are more likely to use informal caregiving than non-
Hispanic whites in general.31, 32
Another limitation is a potential bias associated with the self-reported data. Self-report of 
stroke may cause exclusion of extreme cases and under- or over-estimation of informal 
caregiving associated with stroke by losing generalizability of sample. For instance, patients 
with extremely mild stroke may not self-report stroke because they did not recognize it. 
However, we expect that the impact of extremely severe cases is small because of high 
mortality rate. Also, patients with stroke and cognitive impairment might misreport their 
stroke status. We expect that the misreporting bias is not severe because the HRS did proxy 
interview to prevent the issue. Self-report informal caregiving hours may depend on socio-
demographic characteristics and may lead biased estimates. The issue has not been fully 
investigated yet, but the self-report bias could be minimized in this study because of 
propensity score matching.
Finally, to apply DID method, we assumed that the difference of informal caregiving hours 
in the baseline year is consistent over time and there was no interaction between pre- and 
post- periods’ informal caregiving hours. When these assumptions are invalid, the 
estimations could be biased. There could be non-stroke factors, such as injuries from falling, 
which increase the caregiving needs but which occurred unequally between stroke and non-
stroke groups during the post-stroke period. It may lead to our estimate being less 
conservative, but still the burden is partly associated with stroke since stroke increase the 
probability of having non-stroke factors. Propensity score matching reduced the potential 
bias caused by different characteristics between stroke and non-stroke groups at the pre-
stroke period.
Despite these limitations, our study derived a reasonable estimate of the cost of informal 
caregiving for stroke survivors. Public health decision makers can consider this cost when 
they assess the total economic burden of stroke, set public health priorities, and allocate 
resources for stroke prevention. The cost information presented here can also be 
incorporated into public health program evaluations, especially those that examine the cost-
effectiveness or comparative-effectiveness of stroke prevention and treatment programs.
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Stroke: Patients with first-ever stroke between year 2006 and 2008 based on self-report Non-
Stroke: Those who reported never has been diagnosed as stroke before Difference-in-
differences: Additional informal caregiving hours associated with stroke
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Race: Non-Latino white 80.4 82.6 0.565
African-American 14.3 13.0 0.700
Latino 3.9 3.0 0.612
Other Race/ethnicity 1.3 1.3 1.000
Gender: Male 40.0 37.0 0.511
Age   65–74 39.6 43.5 0.409
  75–84 41.7 38.3 0.458
  85 & over 18.7 18.3 0.907
Currently Married 50.9 48.3 0.586
Education:   Less than high school 34.8 35.7 0.850
  High school graduate 36.5 37.0 0.925
  Some college 14.8 15.2 0.897
  College & more 13.9 12.2 0.587
Non-housing wealth ($ thousand) 313 250 0.396
Census area: Northeast 16.5 14.8 0.610
    Midwest 24.8 23.9 0.832
    South 39.1 42.6 0.463
    West 19.6 18.7 0.817
Chronic disease: Diabetes 25.7 24.3 0.755
      Cancer 15.7 12.2 0.283
      Lung disease 13.9 11.3 0.434
      Heart problems 37.4 35.7 0.709
      Hypertension 68.7 71.7 0.485
      Psychiatric problems 20.4 17.8 0.492
      Arthritis 76.5 77.4 0.828
Use of caregiving 27.4 27.8 0.922
No. of ADLs impaired: 0 66.5 67.0 0.925
        1~3 28.3 27.8 0.920
        4~6 5.2 5.2 1.000
No. of IADLs impaired: 0 70.4 70.4 1.000
        1~3 25.7 25.7 1.000
        4~5 3.9 3.9 1.000
Notes: All estimates are weighted.

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Neurology. Author manuscript; available in PMC 2015 November 11.
